End-digit preference describes the disproportionate selection of specific end digits. The rounding of figures might lead to either an under-or over-recording of blood pressure (BP) and a lack of accuracy and reliability in treatment decisions. A total of 85 000 BP values taken from computerised general practice records of ischaemic heart disease patients in England between 2001 and 2003 were examined. Zero preference accounts for 64% of systolic and 59% of diastolic readings, compared with an expected frequency of 10% (Po0.000001). Even numbers are more frequently seen than odd numbers. In all, 64% of nonzero systolic recordings and 65% of diastolic recordings ended in even numbers, compared with expected proportions of 44% (Po0.0001). Among the nonzero even numbers, eight is the most frequently observed: 28% of systolic and 31% of diastolic recordings compared with an expected proportion of 25% (Po0.0001). Among the five nonzero odd numbers, five is the most frequently observed end digit, representing 59% systolic and 62% of diastolic compared with an expected level of 20% (Po0.00001). English general practice displays marked end-digit preference. This is strongly for the end-digit zero. However, there is more use of other enddigits, notably 8 and 5. This bias potentially carries important treatment consequences for this high-risk population.
Introduction
This paper examines whether primary care professionals across England show end-digit preference in the recording of blood pressure (BP) in patients with ischaemic heart disease (IHD). It examines whether they display general end-digit preference, that is, a preference for a zero, five or an even number, at the end of a BP measure. In addition, the paper examines whether there may be a higher than expected prevalence of BP readings just below intervention thresholds as it is possible that rounding down could mean that patients requiring BP treatment might be denied it. The importance of recording and feeding back this phenomenon is that only measuring BP to the nearest 10 mmHg makes BP recoding a blunt instrument, less able to detect changes in BP or the effects of therapy.
This study is being carried out using data collected as part of the Primary Care Data Quality (PCDQ) programme, 1 an educational intervention designed to help raise quality standards through a series of focused clinical programmes. The first and largest of these programmes is in the area of IHD, 2, 3 and the data used for this study were derived from it.
The data analysed for this study are drawn from 85 000 patients who have a computer-recorded diagnosis of IHD. They in turn are part of a registered combined practice list size of 2.2 million patients. The data were collected between August 2001 and February 2003.
The objective of this study was to characterise the degree and nature of end-digit preference for all the patients in the PCDQ programme.
Background

End-digit preference
Relatively little is reported about the prevalence of end-digit preference in English general practice. 4, 5 It is not a problem unique to GPs; it is reported for nurses, 6 and in obstetric practice 7 for physicians. 8, 9 All these studies indicate strongest end-digit preference for zero, followed by five and then by the other even numbers (2, 4, 6, 8) , with the remaining odd numbers (1, 3, 7, 9) used least frequently. Two of the studies looked at recording around treatment/ intervention levels. One of them, carried out in antenatal clinics, showed no signs of bias in recording around the treatment threshold for BP 140 mmHg. However, if the intervention level was changed by 1 mmHg, that is from ''equal to 140 mmHg'' to ''above 140 mmHg'', this action roughly halved the prevalence of hypertension (25.9 to 13.3%). Another study, looking at isolated systolic hypertension across Europe, 9 showed a higher than expected prevalence of the systolic BP (SBP) just below the target treatment level; and, secondly, that data-quality monitoring including feedback leads to a reduction in terminal digit zero preference.
The source of the dataFthe Primary Care Data Quality Programme
The data presented in this study were collected as part of the PCDQ programme.
1 PCDQ sets out to achieve improvements in the quality of care in a nonjudgemental educational context. It seeks to promote through and reflection though presentation of data in challenging ways. The programme is currently working with 18 primary case organisations (PCOs). These are primarily located within London and the southeast, and also from the north of England.
The PCDQ programme collects anonymised data from all the participating practices in a PCO. These data are aggregated, processed and fed back. One of charts that is produced for each practice shows all the IHD patients ranked in an order of ascending SBP (see Figure 1 ). The aim of this graph is to give a visible indication of the quality of BP control in this group of patients. The size, height and colour of the right-hand end of the graph give a visual indication of the quality of BP control. As can be seen from Figure 1 , recorded SBP ascends typically in steps, and these steps are at 10 mmHg intervals.
Method
Individual BP readings were extracted for every patient with a computer-recorded diagnosis of IHD (Read code G3.x) within the 23 PCOs participating in the PCDQ project. The most recent reading was extracted. These results were then pooled to derive a frequency distribution for each 1 mmHg increment in both SBP and DBP.
For each frequency, asymmetric 95% confidence intervals were estimated using the Fleiss exact binomial method, 10 which makes no assumptions regarding normality.
Observed frequencies for a given end digit were tested for significance using a one-way w 2 test. Proportions of measurements near treatment thresholds were compared with paired readings away from such thresholds using conventional ttesting.
Results
The data are derived from 23 English PCOs, with a total registered population of 2 211 384. Of these, 82 363 (3.7%) have a diagnosis of IHD recorded on their computerised clinical record. Among these patients with established heart disease, a BP value is recorded in 81 145 cases (98%).
The average BP recorded was 141.6 mmHg systolic (95% CI: 141.5-141.7) and 79.8 mmHg diastolic (95% CI: 79.4-80.2). The range was 80-259 mmHg systolic and 20-159 mmHg diastolic.
In all, 63.7% of systolic recordings and 58.5% of diastolic recordings ended in zero results that are significantly more frequent than would be expected if results were randomly distributed (Po0.0000001) (see Table 1 ).
In a randomly recorded sample, the nine nonzero digits would each be expected to appear 11.1% of the time. Instead, several nonrandom trends are visible: To explore the hypothesis that under-recording is most marked as treatment thresholds are approached, we compared, for each cluster of nine values, the relative proportion represented by eight (Figure 2) . Thus, within the SBP range 121-129 mmHg, 18.9% of end digits were eights, while in the range 151-159 mmHg, the corresponding figure was 15.4%. Comparison of each of these frequencies with the nearest likely treatment thresholds (138 and 158 systolic and 88 diastolic), with either the next lower value (128 and 148 systolic and 78 diastolic) or the next higher value (148 and 168 systolic and 98 diastolic), revealed no statistically significant difference.
The large ''step'' in the recording of BP above 160 SBP or 90 DBP compared with above 159 SBP or 89 DBP appears to be accounted for by the strong enddigit preference for zero, and not by any subliminal tendency to record BP just below treatment levels. Figure 2 Comparison of 'eight' end-digit preference as a proportion of each decile cluster in 84 879 BP recordings.
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The large numbers of patients with an SBP of 160 and a DBD of 90 are shown in Table 2 .
Discussion
Main findings
English primary care professionals currently show strong end-digit preference, both in the recording of SBP and DBP, among patients with established coronary heart disease. The character of these results is consistent with those found in other populations of health professionals throughout the world, [4] [5] [6] [7] [8] [9] although this is the first study to examine such behaviour in a population of patients likely to be at high risk of experiencing further cardiovascular events.
Our finding that there was no accentuation of enddigit preference near treatment thresholds is consistent with the results reported by Wen et al, 5 who examined a health ante-natal clinic population. Wingfield et al 9 reported a single value preference for 148 mmHg systolic, which appeared to reflect their treatment threshold of 150 mmHg. This was not replicated in our data.
Implications of the findings
Although there is no evidence to suggest a tendency to under-record BP near treatment thresholds, these findings nonetheless have potential implications for patient management. Current guidelines from the British Hypertension Society 11 suggest that, for patients with established cardiovascular disease, drug treatment should be initiated if SBP is found to be X140 mmHg or diastolic X90 mmHg. By these criteria, strictly applied, 58.7% of the study population should be on treatmentF49 849 patients. However, 12 306 patientsF25% of those requiring treatmentFhave an apparent SBP of exactly 140 mmHg. Given the findings relating to the strong zero preference, we must assume that a recorded value of 140 mmHg relates to a true SBP value of anywhere between 135 and 145 mmHg. Based on this level of accuracy of recording, it will be impossible to determine the optimum treatment strategy for the individual, despite clear clinical trial evidence that differences of less than 10 mmHg can have a major impact on ultimate clinical outcomes. 12, 13 Reducing the level of end-digit preference is amenable to two different approaches. Wingfield et al 9 demonstrated that regular feedback to clinicians could reduce the degree of end-digit preference. Over the course of 3 years, within the context of a clinical trial, they were able to reduce systolic enddigit preference for zero from 44 to 22%, a change that was then maintained over the subsequent 3 years. However, given the higher starting point for our sample (B60%) and the fact that we have observed normal clinical practice, rather than a clinical trial cohort, one must question whether this will in fact yield sufficient change in practice to achieve the goal of objective recording.
An approach that can be expected to supplement and augment the benefit of feedback would be the use of electronic BP recording devices. Although these devices may be prone to variation in results, the magnitude of this is less than that seen with mercury sphygmomanometers 14 and is unlikely to result in any systematic end-digit bias, provided results are transcribed as reported. Table 3 What is known about end-digit preference and what this paper adds
What is known about end-digit preference It is the phenomena of disproportionate selection of specific end digitsFpotentially resulting in under-or over-recording of BP ''Terminal digit preference'' and ''observer digit preference'' are synonyms It is exhibited across the different medical specialities and healthcare professions Some previous studies report increased end-digit preference around treatment thresholds What this paper adds General practice displays marked end-digit preference in patients with heart disease This is strongly for the end digit zero in 64% of systolic and 59% of diastolic readings No statistically significant threshold effect could be found around current or historic treatment levels Patients, in this high-risk group, may be missing out on treatment as a result of the approximation of their BP recording All clinicians should receive feedback about their end-digit preference and if it is ''resistant'' consider using automatic BP recording devices
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Limitations of the method
The PCDQ project is not based on a random sample. PCOs volunteered to participate on a self-selected basis and therefore represent a biased sample. Within each PCO, individual practices participated on a voluntary basis. Although very few practices declined to take part, we have no information to enable us to characterise the BP recording patterns of the nonparticipants. Equally, given that all data were downloaded electronically, patients whose BP was not recorded on the practice computer system will have been omitted from the study. This may introduce further bias, although there is no a priori reason to suppose that manually recorded BP will show a lesser tendency to end-digit preference.
Call for further research
Further research is required to investigate the magnitude of benefit associated with feedback of end-digit preference data to clinicians. At the same time, the impact of electronic BP recording devices on reducing recording bias also needs to be explored.
Conclusions
End-digit preference describes a phenomenon that has potentially significant clinical consequences. Although well described in many different populations, the magnitude of effect observed in this highrisk population is concerning. It is essential that all healthcare professionals receive feedback on whether they display end-digit preference around treatment thresholds as well as across their whole spectrum of BP recording. A nonjudgemental educational approach, coupled with a move to more objective measurement devices, may provide a suitable route by which to address this.
